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AN EVALUATION OF PAST COMPANY DECISIONS ON EQUIPMENT REPLACEMENT 


by 
Stephen T. Heinaman 


Armstrong Cork Company 


When I first considered writing a paper on this subject, I thought that 


an illustration of the calculations we make when we evaluate past company decisions 


As I thought through the implementa~ 


of equipment replacement would be effective. 


tion of this approach, it became apparent to me that the why of what we do is of 


infinitely greater significance than how we make the mathematical calculations. 


Therefore, I decided that the best approach was to give a comprehensive picture of 


our capital appropriations request evaluation procedures. 
My thesis is that an evaluation of past company decisions for equipment 


replacement can be most effective as a part of a system for evaluating all capital 


appropriation requests, before and after they are granted, in a company which accepts 


“return on investment" as the basis for measuring operating management performance, 


To restate this for emphasis, because it is the basis of my presentation this after- 


noon, an evaluation of past company decisions for equipment replacement can be most 


valuable to a company whens: 


1. It follows an evaluation made prior to the decision 
to appropriate the specific funds involved. 


2. The evaluations are made on a basis which is directly 
related to routine "return on investment" reports used 
as the basis for measuring the performance of operating 


managerse 


360 


he Management bases appropriation decisions on the results 
of the evaluations made. 


No appropriation requests can escape evaluations 


My argument consists entirsly cf a description of the system developed on 


the basis of this thesis for the Armstrong Cork Company. The system described has 
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proven most effective in actual practice. 


Our system for evaluating capital appropriation requests does, quite 


naturally, fulfill all of the requirements of my thesis. All such requests are 


evaluated before and after appropriation requests have been granted. Management 


does base its decisions on the resuits of the evaluations made, and our capital 


appropriation request evaluation procedures are directly related to our regular 


reporting of operating results since they are made on the same basis -= Retum on 


Capital Employed, or as we say it, ROCEs 


As we use the term, Return on Capital Employed, despite its perhaps eso= 


teric connotations, is nothing more than the ratio of net profit after tax to total 


book assets. In the Armstrong Cork Company, ROCE is accepted as the basis for 


The success or failure of all of our 


measuring operating management performance. 


individual and collective efforts to improve operations is reflected in our ROCE 


results. 


Quite a bit of attention has been directed to "return on investment" and 


its many variations in the recent past so that the chances are that you know all 


about it. Howevei’, since it is the basis of our approach to capital appropriation 


evaluation, I will risk boring you a bit with a few ROCE fundamentals as we apply 


the concepte 


Exhibit 1 illustrates the simplicity of the concepts ROCE = Net Profit 


After Tax divided by Average Capital Employed. Capital employed is our total 


assets as they appear on our balance sheet. Our basic measurement of operating 


management performance, therefore, is not merely the amount of net profit we earn, 


nor the amount of net sales achieved, nor the ratio of profit to sales. ROCE re- 


tains these measurements but puts a base under them = the dollars of assets required 


to achieve the sales and profits. The effect of adding this base can be seen in 


the formas shown on Exhibit 1. Profit, sales and capital employed are all part 


of the formulation. We can and do state our ROCE concept as ROCE = % Profit on 


Sales X Capital Turnover. In the illustration $15,000,000 profit divided by 


$300,000,000 of sales equals 5% profit on sales. $300,000,000 of sales divided 
by $150,000,000 of capital employed equals a capital turnover of 2. ROCE then, is 


5%@X 2 or 10% If you prefer, ROCE = Net Profit After Tax of $15,000,000 4- 


Average Capital Employed of $150,000,000 or 10%, 
The figures on the lower portion of Exhibit 1 are shown to illustrate 


The effect of sales is, of course 


the all=inclusive nature of our ROCE concept. 


includeds all costs are also included; and, all assets are included regardless of 


the sources of funds used to obtain them. Therefore, all aspects of operations are 


included. However, the effect of various means and results of financing are pur= 


posely excluded. We use ROCE as the basis for measuring operating management per- 


formance. 


There is some additional general background information necessary to the 


understanding of our capital appropriation request procedures = how our ROCE concept 


is fitted to our internal management organization. 
Our internal ROCE concept is designed around our Division General Managers. 


These men are responsible for the production and sale of all products within the 


All matters related to financing are reserved 


major market areas assigned to theme 


to a staff vice-president. The determination of what shall be financed is reserved, 


depending upon the amounts involved, to the Executive Committee of our Board of 


Directors or to the Board itself. 
In practice, the Board of Directors and its Executive Committee control 


"What shall be financed" almost entirely through our system of capital appropria- 


tion requestse If we look at the lower right corner of Exhibit 1 we cansee how 


the control of capital expenditures alone effects basic level controls over all of 


the capital employed by our Division General Managers except cashe Our Division 


Managers have no direct responsibility for the level of cash. We assign cash to 


them on the basis of an arbitrary percentage of total cost of sales. 
The general level of accounts receivable, inventories, and other assets 


required by their operations is determined basically by the types of businesses in 
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which they operate. Since we are primarily a manufacturing company, the types of 
businesses we operate are established by the plants, property and equipment we buy. 
Since the Board of Directors and its Executive Committee control capital expendi- 
tures, they control the businesses we operate and, consequently, the basic levels 
of accounts receivable, inventories, and other assets we employ. 

The Division General Managers are responsible for utilizing the capital 
which they are given by the Board to obtain the best possible return on it. 
Furthermore, and this is important, the line men are responsible for recommending 
opportunities for the employment of additional capital to improve or expand exist=- 
ing businesses and to enter new businesses. The Division Managers, therefore, 
occupy key positions in our company. The principal function of our staff depart- 
ments is to help the line men to fulfill their responsibilities. The line men's 
responsibilities are to obtain higher returns on more capital, or, in other words, 
to obtain superior performance as measured by ROCE, coupled with growth in and in- 
to businesses having high ROCE potentials. 

So much for general background information. Our procedures for review- 
ing capital appropriation requests are designed specifically to fit the needs of 
our organization at the present time. They are designed primarily to help line 
management men to fulfill their responsibilities by pointing up the probable effect 
of specific potential capital expenditures on their operating results as expressed 
in ROCE. Emphasis is placed on accuracy of perspective rather than of detail. 

Our capital appropriation request, procedures are designed not to eliminate the 
necessity for judgment, but rather to provide a sound basis for the application 


of judgment by all levels of management, from the bottom to the top, in order to 


discover the best of many potential expenditures rathey than to provide the figure 
which makes approval or disapproval of a request mandatory. The figures we de- 
velop ars relative, not absolute. The principal usefulness of our system can 
never be measured because it consists of eliminating from consideration projects 


of doubtful or low ROCE poten*tial before much expensive technical and management 
effort is expended upon them. 

In order to provide a sound basis for relative judgment, we highlight 
important factors and key assumptions made, as well as the estimated results in- 
dicated by our calculations. The key factors and assumptions pointed up by our 
procedures can be seen on Exhibit 2 which is the facing sheet for a capital appro=- 
priation request. I never have found out why we call it an "M" request. All I 
know is that an "M" request mst be used for capital and maintenance jobs of $1,000 
or more, and I can't think of a shorter name for ite 

The first important factor to be found on this request is the "Reason 
for Request", We have two categories of reasons for capital requests as shown on 
Exhibit 3¢ Category I - Expenditures which are required to maintain ROCE on exist= 
ing operations; and Category II ~ Expenditures which will improve ROCE for the com= 
pany. Company policy is to hold expenditures for Category I projects to a minimn, 
and to maximize ROCE improvement with Category II expenditures. Therefore, when we 
find Rebuilding or Replacement, or General Plant Improvement, or Safety, Health, 
and Working Conditions given as the "Reason for Request" we can be certain that no 
significant ROCE advantage will be achieved through approval of the request. If 


any sizeable savings were involved, the "Reason for Request" would be "Cost Reduc= 


tion". 

Requests presented for Category I projects require policy and qualita- 
tive decisions rather than specific quantitative calculations. The principal de- 
cisions are whether or not we should continue in the business, and if or when we 
need to spend the money requested to contime in the business. 

The facts upon which these judgments are based are obtained from our 
routine ROCE reporting and from the written explanation which is a part of the re= 
quests Although such requests sometimes generate special studies relative to stay=- 
ing in the business, there is no formal requirement for mathematical evaluation of 


Category I requestse 


Category II requests are evaluated formally. Looking at Exhibit 2 again, 
we find a block for data to be inserted by the Division Controller. These are the 
data which are provided to management to serve as the basis for their selection for 
approval of capital "M" requests designed to improve ROCE. The data in this block 
have a wide readership since all capital requests for $2,000 or more are cirmlated 
through line management and to all members of the Executive Committee before they 
are formally presented for approvalo 

The information in the data block indicates three separate things. 

(1) Risk of Loss of the Cash Expenditure Requested 


An indication of the risk of loss of the cash expenditure 
requested is obtained by comparing the "Estimated Efficient 
Productive Period" with the "Estimated Period for Recovery 
of Cost." If the Estimated Efficient Productive Period does 
not exceed the Estimated Period for Recovery of Cost there 
is a distinct possibility that at least some of the cash to 
be invested would be losto 


Estimated Return on Average Total Added Capital Employed 
on an Operating Basis 


The "Estimated Return on Average Total Added Capital ra al 
as shown on the "M" Request Form indicates the ratio of (1 


the average added profit after tax on an operating basis to (2) 
the additional capital employed resulting from the requested 
expenditures. The added capital employed includes all compon= 
ents such as cash, receivables, inventories, property, plant 
and equipment, and miscellaneous assets. The amount estimated 
for each component is the average to be employed during the 
estimated efficient productive period. 


The calculation of the average added profit after tax used in 


this ratio does not include charges for expense resulting from 
capital expenditures or obsolescence taken since these are con= 


sidered as start-up costso 


Start-Up Costs 


The asterisked note "Before Charge for Expense and Obsolescence 
of $ After Tax in First Year" indicates the amount of 
these two items of start-up costs after tax which would be in= 
curred if the request were granted. 


This amount is used together with the amount of "Estimated 
Average Added Profit After Tax" shown immediately above it to 
obtain an indication of the effect of these costs on the 
"Estimated Return on Average Total Added Capital — on 
an operating basis. For examples 


(a) The estimated return on average total added capital 
employed on an operating basis is indicated to be 


36.8%. 


(b) The estimated average added profit after tax is in- 
dicated to be $25,000 per year. 


(c) The charge for expense and obsolescence after tax is 
indicated to be $10,000. 


The expense and obsolescence charge of $10,000 after tax 

is equivalent to twoefifths of the estimated average added 
profit after tax per year. Therefore, the estimated return 
on average total added capital employed would be reduced to 
22.1% for the equivalent of one years 

All of the data inserted by the Bivision Controller in the data block on 
the face of the "M" Request are obtained from an "Estimate Sheet" attached to the 
™™" Request. Exhibit ) shows this form which contains a summary of the calculations 
supporting the data block figures. 

You will note that we base our evaluations on a standard reporting unit 
such as a specific commodity, group of commodities, or plant. This approach gives 
us a direct tie-in between our appropriation request evaluations and our regular 
ROCE reporting to management. When an appropriation request has been granted, the 
estimated changes in ROCE should show up in our regular operating reportse There= 
fore, our regular routine analyses of ROCE results disclose to line managers the 
results of specific capital expenditures on ROCE both as to amount and as to timing 
on a continuing informal basis. 

Lines (1) and (2) of the estimate sheet are self-explanatory. Line (3) 


"Estimated Efficient Productive Period” requires explanatione The "Estimated Effi- 


cient Productive Period" is the period of time during which the assumed conditions 


necessary to the increased earnings are expected to exist. This estimate is re- 
Quired of line managers to indicate their thinking as to the possibility of obsol- 
escence of the products, processes, or equipment involved, and to add a "length of 
time" factor to the forecasts of sales volumes and cost/price relationships on 
which the evaluations are based. The estimate is expressed as a specific number of 


years if it is less than five years. If the "Estimated Efficient Productive 
Period", or E.E.PePo, is five years or more, this is indicated by a check mark in 
the "5 or More Years" block. 

The upper part of the form, lines () through (21) are used to spell out 
the specific areas of costs affected when cost reduction is claimed in any capital 
"M" request involving an expenditure of $2,000 or moree Only those operating cost 
factors affected are considered in this calculation. In the example shown on 
Exhibit 4, the estimated "Total Costs Affected", line (14) of producing 1,000,000 
pieces of Commodity "A" per year during the next five years is shown to be $700,000 
with the present Flim mixers as compared with $650,000 with the proposed Flam mix- 
ers. The difference, the "Average Added Profit Before Tax" of $50,000 shown on line 
(15) is reduced by income tax to $25,000 on line (16). 

For capital "M" requests involving expenditures of $2,000 to $9,999, the 
only evaluation figure required is the "Period for Recovery of Cost". As shom on 
the form, this is obtained by dividing the "Total Funds Requested", line (1) by the 
sum of the "Average Added Profit After Tax", line (16), and the "Depreciation Dif- 
erence" between the present and proposed facilities, line (17). ‘In the example 
shown the "Period for Recovery of Cost", line (19), is 3.3 years. This indicates 
that it would take 3.3 years to recover the cash required by the expenditure if the 
request were granted. "Period for Recovery of Cost" is an indication of risk in 
that no return will be earned if the original cost is not recovered. In our dynamic 
economy, technological progress is at such a rapid rate that obsolescence of pro= 
ducts, processes and equipment is a distinct possibility. The longer the time, the 
greater the risk of obsolescence. Our "Estimated Efficient Productive Period" 
estimate represents the thinking of line management as to the possibility of such 
changese As noted before we show both Recovery Period and E.E.P.P. on the face of 
the "M" request. 

For all category IT capital "M" Requests involving expenditures of 


$10,000 or more lines (20) through (39) are used to determine the "Return on 
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Average Total Added Capital Employed". Lines (20) through (27) comprise a com 
plete simplified profit and loss statement. In the example shown the “Average 
Added Profit After Tax", line (28) is $25,000, the same as on line (16) abovee 
The repetition of this figure is the result of showing in profit and loss state= 
ment form how the anticipated cost reduction would look in the routine operating 
reports managers use in the normal course of their business, 

Lines (32) through (37) indicate the estimated composition of capital 
employed during the test period with both present and proposed facilities. It 
Should be noted that we are dealing with average capital employed. Therefore, in 
our example, "Property, Plant and Equipment", line (35) is not increased by the full 
amount of the capital expenditure of $100,000. We have assumed a life of ten years 
on the proposed mixers and a remaining life of five years on the present onese 
Therefore, the average net book value of the proposed mixers during the next five 
years would be $75,000. The average net book value of the old mixers would be 
$5,000; one=half of the obsolescence shown on line (2). The difference of $70,000 
would be the increase in average capital employed in Property, Plant, and Equip- 
mnte 

"Return on Average Total Capital Employed" on an operating basis is cal- 
culated for both the present facilities and the proposed facilities and shown on 
line (38). These figures serve to raise the question of whether or not we should 
consider getting out of the business rather than to try to improve it. If we plan 
to stay in a business through the test period, then, regardless of how low the ROCE 
is for the business, the "Return on Average Total Added Capital Employed" on line 
(39) is the ROCE figure which should be used as the basis for top management's de= 
cisions as to which of the many appropriation requests presented to them should be 
granted. In our example, this key figure is 36.8%. 

One other important factor should be noted. The sales units and dollars 


forecast for the current year are shown to point up the relationship between cur= 


rent operations and the volumes and prices projected for the E.E.P.P. periods In 
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our example, the evaluation figures are based on an estimated increase in sales 
volume of 25%. 

All of these calculations are based on information available from our 
routine ROCE reporting system plus estimates expressed in routine reporting terms. 
The calculations for requests of $10,000 or more are summarized in routine ROCE re- 
porting form. They are made primarily for the men responsible for operating results 
through the joint efforts of division line and staff men assisted by top staff 
specialists. The Division Controller for the division involved is responsible for 
the coordination of all of these efforts, and for the direction of these efforts 
toward accuracy of perspective rather than of detail. The end result is a sound 
and easily understood basis for division recommendations, and for top=management 
selections, of those capital appropriation requests which have the greatest possi- 
bility of improving ROCE for the companye 

The pretesting procedures are by far the most valuable part of our capi- 
tal appropriation request evaluating system. However, if we did not provide for 
follow-up of the pretesting, it is possible that pretesting might, over a period of 
years, become increasingly distorted by either over optimistic or super safe assump- 
tionse We do follow-up our pretesting, informally, as already mentioned, in our 
routine analyses of operating results which are expressed as ROCE, and formally, in 
the form of annual reviews of capital appropriations of $10,000 or mores 

These annual reviews are set up in three parts as follows; 

1. Status reports on unproven Category I appropriations 

2. Status reports on unproven Category II appropriations 

3e Completed and tested reports on Category II appropriations 

The status reports on unproven Category I and Category II appropriations 
are made on similar forms. An indication of the form of status report for Category 
II appropriations is shown as Exhibit 5. 

The information shown on this report includes the date of original 
approvals description; actual expenditures to date together with the amount origi- 


nally approved; original estimated completion dates a brief statement to indicate 


the status and prospects for the project: the number of months in operations and 
the original estimate and indicated to date recovery period. The only difference 
between the forms for Category II and Category I requests is that the recovery 
period data are omitted on Category I reports since the recovery period is not 
usually calculated for such requests. The status reports for each category for 
each year include all appropriations granted up to June 30 of that year which have 
not been completed and tested long enough to satisfy management of the success or 


failure of the appropriations 


On the Category II status reports, the indicated recovery period is 


shown to give an indication of the evaluation of the project. Recovery period was 
selected as the indicator of actual results on this report since its calculation in- 
volves the total of capital and expense expenditures as well as the added profit 
realized, and, more importantly, because it is the best indicator of probable suc- 
cess or failure of a project in an interim report. If the total expemiture will 
probably not be recovered, it is of littie importance to know the indicated operat- 
ing rate of ROCE which is not sufficient to recover ite 

The calculations of "Indicated Recovery Period" are made under the 
direction of the Division Controller. On equipment replacement for cost reduction, 
for example, they consist of determining the difference between the actual costs 
incurred and an estimate of what the costs would have been if the capital expendi- 
ture had not been made. Since this involves estimates, the emphasis is again 
placed on accuracy of perspective rather than of detaile 

The completed and tested reports o: Category II appropriations include 
all appropriations removed from the status reports. Exhibit 6 shows the form of 
these reports. They show the original estimates together with actual results as 
to total expenditures, completion date, recovery period, average annual operating 
return on added capital employeds annual average operating savings after tax; and 


first year expense and obsolescense after taxe 


All of these annuai review reports are prepared under the direction of 
the Division Controllers, They are issued to the Division Manager, the President's 
Office, and to the Chief Enginser jus bsfore the capital appropriations budget for 
the following year is prepared. Ths status reports are designed primarily to en- 
able division managers and top management to obtain a quick review of the status 
and prospects of all unproven appropriation requests of $10,000 or more once a year, 
just. before the capital appropriation budget is drawn up for the following year. 
The completed and tested Category II reports are primarily historical reports. They 
are valuable in that their very sxistemse serves to encourage objectivity in "M" 
Request preparation, and they also provide the basis for improving our capital 
appropriations evaluation proceduress 

It would be misleading to stop here, at the "end" of our capital appro- 
priation evaluation system without rspsating that this system is but one factor, 
albeit a most important one, serving to help division managers to obtain superior 
performance as measured by ROCE, coupled with growth in and into businesses having 
high ROCE potentilalss 

My thesis is that an evaluation of past company decisions for equipment 
replas: ss can be most effective if it is a part of a system for evaluating ail 
capital appropriation requests, before and after they are granted, in a company 
which ascepts *return on investment” as the basis for measuring operating manage~ 
ment performance. My argumert is the system used by the Armstrong Cork Company, 


which is most effectivs. 
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Armstrong Cork Company 


FUNDAMENTALS OF THE R.O.C.E. CONCEPT 


ROCE (Return on Capital Employed) = Net Profit After Tax 
Average Capital Employed (Total Assets) 


= Net Profit After Tax Net Sales 
Net Sales x Average Uapital Employed 


% Profit on Sales X Capital Turnover 


ROCE 


X $300,000,000 


ROCE $ 15,000,000 
300-000-000 S10-000-000 


10 00% 


: Net Profit After Tax Capital Employed 
(Millions) (%) (Millions) 


Sales $300 100 Cash and Securities $ 20 
less: Accounts Receivable 30 


Direct Production Costs $180 60 Inventories 30 
Period Production Costs 30 10 Plant, Property and Equipment 
Selling Expense 30 10 (Net of Reserves) 60 
Administrative Expense 15 5 Other Assets 10 
Other Expense 15 5 

Federal Income Tax 15 5 Total Capital Employed $150 


Total Costs 


Net Profit After Tax 


EXHIBIT I 

ROCE = x 2.00 or 

$285 _95 
$15 _5 


EXHIBIT 2 


Job Noe "M" REQUEST Date 1/1/55 

Supersedes "pi Proj. 

Order Noo = Plant Floor Bldg. 135 No. 555700 
Est. Comp. 

Est. Cost $ 110,000 Obsolescence 10,000 Date 7/1/55 


Reason for Request Cost Reduction 


Data in This Block to Be Inserted by Division Controller 


Summary of Estimated Economic 


Efficient Productive Period st. Yrs. 
Period for Recovery of Cost 3.3 Yrs. 
urn on ace Tota 7 
Added Capital Employed 36.8 4% 


Average Added Profit After Tax $ 25,000 /Yr. 


*NOTE: Before Charge for Expense & Obsolescenc 
of $ 10,000 After Tax in First Year 


Title: 


Replace Flim Molded Linoleum Mixers with Flam High Speed Mixers. 


Plant Dept 
Mgrs Date Mgr. Date 


Chief Div. Gen. | 

Architect Date Mgr. Date 

Asst. Chf. Prod 

Engr. Date Mer. Date 
‘ 

Chief V.P> 

Engr. | Date Mfg. Date 


Gen. Prod. 
Planning Mgro Date Controller Date 


Dir. of Exec, 
Research Date Conmn- Granted 


Assoc. Diro 
of Research Date Account 


Form 164 2-55 Printed in United States of America 
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EXHIBIT 3 


Armstrong Cork Company 


CLASSIFICATIONS OF CAPITAL APPROPRIATION REQUESTS 
BY REASON FOR REQUEST 


Expenditures which are required to maintain ROCE on 
existing operations 


Rebuilding and Repiacemer’: 
General Plant Improvement 
Safety, Healtn and Working Conditions 


Category IT Expenditures which will improve ROCE for the company 


Cost Reduction 

Quality Improvement, 

Capacity Expansion for Existing Products 
New Products 


‘ 1. 
+ 
36 
le 
26 
30 
Lo 


-16- Exhibit 4 


ESTIMATES OF PERIOD FOR RECOVERY OF COST AND RETURN ON CAPITAL EMPLOYED 


TITLE Replace Flim Mixers with Flam High DATE 12/20/54, 
Speed Mixers on Commodity "A" Line PROJECT NO. 555700 


PLANT Floor P. L, STATEMENT COMMODITY 
(1) Total Funds Requested $ 110,000 (2) Obsolescence Requested $ 10,000 
(a) Capital $ 100,000 (3) Estimated Efficient { 6 or More Yrs. [yf 
(b) Expense _10,000 Productive Period Yrs. 


Use lines numbered (4) through (21) to support any estimated cost reduction indicated in any request 
regardless of category if line numbered (1) is $2,000 or more. ——— 

AVG. YEAR DURING E.E.P.P. ©) 5 YRS. wi 

A. PRESENT FACILITIES B. PROPOSED FACILITIES 


|_ (4) Material 

(5) Labor — 
(6) Scrap 
(7) Salaries 
(8) Employee Benefits (15% x (#5 # #7)) 12.000 
(9) Power 
(10) Repairs and Maintenance 
11) Depreciation 

(12) 


(13) 
14) Total Costs Affected (#4 Tnru #13) 


15) Average Added Profit before Tax (#14A - #148 
16) Average Added Profit after Tax ( 50 % of # 
17) Add: Dep'n. Difference (#11B #114) 
18) Average Annual Amount Recovered (#16 4 #17) 
19) Period for Recovery of Cost (#1 = #18) 


The Division Controller will use lines numbered (22) through (39) in  ccordance with the procedure 
outlined in Section 13.2, Paragraph "e" of the Accounting Manual. 


FORECAST FOR AVG. YEAR DURING E.E.P.P. (1 5 e 
CURRENT YEAR A. PRESENT FACILITIES B. PROPOSED FACILITIES 
(000) (000) (000) 
(20) Sales Units £00 1,000. 
(21) Net Sales $800 3] “000 
(22) Plant Direct Cost 
23) Plant Period Cost 
(24) Selling Expense 
(25) Administrative Expense 
26) Profit before Tax 
(27) Profit after Tax e 
| (28) Average Added Profit after Tax (#278 - #27A) 
29) Add: Dep'n. Cost in #238 Less Dep'n. Cost in #23A 
30) Average Annual Amount Recovered (#28 + #29) 
Period for Recovery of Cost (#1 + #30) 
Cash 
Receivables 
‘Inventories 
Property, Plant, and Equipment 
Miscellaneous 
Average Total Capital Employed ad 
Return on Average Total Capital Employed (#27 + #37) 7.0% 
39) Return on Average Total Added Capital Employed (§28+(#378-#37A)) 
"note: Before Charge for Expense and Obsolescence of ¢ 10,000 after Tax in First Year. 
—__Donald L. Smith 
Comments on Efficient Productive Period: Donald Sai 


PLANT INDUSTRIAL ENGINEER 
(4) through (19) 


_product, especially in prefab houging. —_Robert ¥. Jones 
Pe Filan Mixors will be modified for our PLANT CONTROLLER Lines numbered 


Locate. a 
fore 0612 2-66 rrint£o UNITED STATES OF AMERICA through (39) 


(OO GOO 550.000 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


03 | 
pezeo! pul 18416130 


peu! 620 


¥3A0 000°OI$ 40 
11 40 AZIAZY 


if, 


REPORT OF 
COMPLETED AND TESTED CATEGORY 11 PROJECTS 
AMMUAL AVERAGE 
OPERATING SAVINGS 


Estiaate 


Original 


AVERAGE 
ANNUAL OPERATING 
RETURN ON ADDED 
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USE OF ENGINEERING ECONOMICS BY THE CHEMICAL INDUSTRY 
by 


James B. Weaver 
Assistant Director 
Economic Evaluation Department 
Atlas Powder Company 
Wilmington 99, Delaware 


Two books (2,9) appeared last year which point up the techniques used in 
economic calculations by the chemical and petroleum industries - the "process indus-~ 
tries", Rather than writing a review, let me use these two volumes as a starting 
point to discuss the use = and lack of use =~ of engineering economics techniques in 
the process industries. 

Previously published reviews in the chemical literature on these two 
books (l15657)10) except the author’s (11) have commended the books as satisfactorily 
performing two different jobs. Aries & Newton is discussed as a convenient hand=- 
book of data and methods for estimating chemical engineering investment, product 
costs and profitability, and Schweyer is praised as a good textbook of economic an~- 
alysis in chemical engineering. I do not understand this; if there is a difference 
in the intended use of these books, the difference is not clear to meg 

Either book, it seems to me, will be valuable insofar as it contributes 
to ome’s ability to choose from among various available alternatives the most satis- 
factory outlet for investment of furds in the chemical industry. The long-term in- 
vestment of funds is the decision point for the future of the chemical industry, and 
both student and industrial practitioners must be aiming toward such decision in 
much of their product cost estimating and all of their investment estimatinge 

The books both present some data and some techniques. Aries & Newton 
(2) lays stress on data; Schweyer (9°) lays stress on techniques. 

Data in both books suffer from *heir lack of timeliness. Much data 
presented is over 10 years old. The meshod of presentation of data in the Aries & 
it impossible to trase the origin date of a particular piece of 


Newton book makes 


7 


cost information. Schweyer cites sources for each piece of data, a preferable 


Aries & Newton cites as generally applicable many short cuts and estim 


practice. 


ating factors for which no limits of reliability are even estimated. This should 


be no more acceptable for engineering sconomy studies than it is for any engineer= 


ing study. 


Techniques for preparing investment and product cost estimates for 


chemical products are chiefly check lists of items which one should not forget to 


estimates: either book presents these satisfactorily. 


In contrast, engineering economics techniques for expressing profit= 


ability, or some indication thereof such as return on investment, are well develop-— 


ed and are, it seems to me, exact sciences which ~ after the estimating phase is 


done = permit the final decision among two or more alternatives, the final goal of 


the entire estimating process. There may be some difference in methods of appli- 


cation of these techniques, and some difference of opinion as to which technique 


gives the best answer in certain comparisons, but the relationships described in 
They can be applied to any set of estimated 


engineering economy texts are exact. 


Long arguments can be held on what 


data to indicate profitability relationships. 


interest rate to apply to project expenses and proceeds ~ the government bond rate, 


the company’s cost of obtained capital, the earning rate of the company, the de=- 


sired earning rate of the company, or the earning rate of the project itself over 
its estimated life ~- but no one should be able to deny the time value of money; 


some interest rate should be applied. And judgments concerning investments should 
be made with a knowledge of their time-earning relationships, so that the value to 


the company of prompt income is recogriized. 
This whole consspt is ignored by Aries & Newton. They rely on the ratio 


of average profits to total inves*msnt as their measure of "return on investment". 


"There are several basic methods of quantitatively 

expressing the reiative attractiveness of new ver 
tures » . « Generally, it is strictly a matter of 

managemen® preferring one type to another for use 

in project evaluation." (p. 191) 

The methods presented are Per Cent Profit on Sales, Per Cent Return on 
Investment, Venture Profitability, Pay-out Time, and Cash Position. The first is 
criticized; all others are presented on an equal basis, with no mention at all of the 
techniques of economic balance. In concluding the discussion of Per Cent Return on 
Investr&nt, the book states: 

Whiie the subsequent expressions employ fixed 
capital only, it is considere? equally correct to 


apply both fixed and working capital require- 
ments." (pe 192~3) 


This choice is also, apparently, one of management preference, but to me 
this choice could mean the differsnss between a valid and an invalid conclusion. 
Their own definition of working capital (p. 1) is "funds required for the normal 
conduct of the business”. If they are a required investment, , how can they be ignored 
at this most important and final stage of the analysis? 

Schweyer has taken the opposite approach, and sets as his initial goal 
the interrelation of engineering economics with the chemical industry. If my count 
is right, he refers to Grant's "Principles of Enginsering Economy* (5) 15 times: 
Aries & Newton give him one general reference. The proper interrelation of earnings 
with their time of reveipt is stresesd throughout the first six chapters. Examples 
are shown of the real earning interes’ rate of return on investment, and other 
valid measures of economic worth. Thsss shapters should be of continuing value to 
chemical industzy. 

Suddenly on page 16: Schweyer reverses his field and suggests Payout Time 
and Return on Original Investmen’) ("Capitalized Earning Rate") as measures of profit- 
ability = insorssst, but easier to calvulatee I can’t even find a statement that 
these measures approximte his "true economic earning rate" = he only says that it is 


less complicated and avoids a "tedious amount of trial and error calculation". Are 


we now to assume that ali engineering solutions requiring trial and error can be by= 
passed if an easier method is available for arriving at a wrong answer? This is what 
Schweyer, in this one chapter, seems to recommend. 
Why do Aries & Newton ignore, and why does Schweyer finally abandon, the 
valid relationships of enginsering economy? Why have the reviewers missed comment:= 
ing on ths consepts of enginsering economy at all? Two forces, I believe, incline 
them to do ses; I shall discuss them in turne 
The first, and by far the strongest, is the disuse of these concepts in 
the chemical and petroleum industries. Ws believe this disuse is more from lack of 
knowledge than from disagreement with ths techniques, though we have no proof. A 
small group in our company has been studying, publicizing and discussing these tech- 
niques for over a year now, and ou» experience has bsen one of lack of initial 
Most are interested and accept the prin- 


famiiiarity on the part of most hearers. 


ciple very quickly. The techniques, while far from "tedious", take a little further 
studys they have been accepted very wei. by some of those we have talked toe We 
have aiso, of course, heard of several other groups who have been actively using 


the techniques, several for longer periods than we have. The first publications 


we have seen of such techniques in the chemical literature have appeared in the 


in spite of his brief desertion to simpli- 


past ysar ~ including Schweyer’s book, 


city. We believes the ignoranss of the techniques can be dispelled by a contimiing 


flow of literatur+, so that “return on investment” will come to mean something more 
than a ratio of average profits to original investment. 
This has certainly been the method accepted by the chemical industry; 
DuPont's adherense to it has been a strong argument for its adequacy (1,3) The 
petroleum industry seems to prefer "Pay-ou’; Tims”, which racognizes the timing of 
receipt of funds but only to the point when initial expenditures are recovereds 

In our discussions with other estimating groups, we have also coms 


across one or two who abandoned enginusering sconomics techniques such as the inter= 


est rate of return evaluation in favor of ths simple fractional rates they said 


they carried both methods through all calculations for a couple of years, and found 
no case where the conclusion by rigorous techniques would be different from the con= 
clusion by Return on Original Investment. Such coincidence has not always occurred 
in our evaluations. Particularly where acquisitions, delayed investments and delay= 
ed markets are included in a series of comparisons, projects are not ranked in the 
same order by both methods. 

The second reason I suspect has contributed to the lack of use of the 
techniques of engineering economy, perhaps in other industries as well as the chemi- 
cal field, is the inaccuracies in engineering tost estimates in general. All engin- 
eering is tied in with forecasts of future performance, but cost estimting is not 
among those areas where accuracy of forecasts is highest. Because of these inaccur= 
racies, some say that the simplest methods of profitability estimation are adequate. 
However, we see no reason for adding to the inaccuracies of forecasts of market, in- 
vestment, product cost, etc., by using anything less than the best techniques avail- 
able to estimate profitability. Since rigorous techniques are available, and are 
reasonably simple to apply, we use and recommend theme 

It has also been said that engineering economy does not sufficiently con= 
sider the inaccuracies of the engineering data they incorporate. (8,12) I feel this 
is a problem in the area of investment and product cost forecasts, and not a valid 
criticism of the techniques of engineering esonomy. Statistical techniques and an- 
alysis of past inaccuracies should be used in making investment and product cost 
forecasts, so that confidence limits can be stated for each forecast made. The tech= 
niques of engineering economy can then be applied and an answer obtained showing the 
confidence limits of the final profitability answer. If any additional forecasts 
must be made in their use, such as a forecast of the going interest rate for borrowed 


money, their confidence limits should also be estimated and incorporated. But still, 


estimation of profitability by these rigorous techniques does not and should not give 
a wrong or overly precise conclusion, based on the inaccuracies in engineering fore- 


casts involvedso 
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DIGEST 


REPLACEMENT ECONOMY PRACTICES IN IOWA INDUSTRY 


An investigation was made to secure data about actual replacement economy 
practices of manufacturing plants in the State of Iowa by Professor Jack Parker Mills 
of Iowa State College. The results of this investigation were used in Professor 
Mills’ doctoral dissertation entitled "Engineering Replacement Economy in Iowa 
State Industry", submitted in June, 1954. Some of the conclusions indicated in an 
abstract of this thesis are summarized hers. 

Slightly over half the plants used life values from Bulletin F, U. S. 
Treasury Department, solely. This practice was related to the size of the plant. 
Larger plants used Bulletin F. to a lesser extent than smaller plants. Over four- 
fifths of the plants used straight deprsciation exclusively. An increase in the 
use of declining balance depreciation, particularly by smaller plants, was found 
by comparison with data reported 15 ysars ago. 

Nearly one-half of the plants stated that the values of useful life given 
in Bulletin F, U. S. Treasury Departmsnt, were satisfactory or too short. This 
finding was contrary to much published opinion. As the size of the plant increased, 
the satisfaction with the values of useful life in Bulletin F decreased. However, 
almost three-fourths of the plants favored a proposed ruling by the U. S. Treasury 
Department that would allow plants to calculate depreciation for income tax pur= 
poses with a useful life of their own choosing and shorter than those given in 
Bulletin F. 

Almost ons-third of the plants would not consider replacement of equipment 
that was not worn out. As the siz* of plant increased, the willingness to consider 
replacement increased. The average payeoff among those who use it as a criterion 
for signaling replacement was 3.0 years. This average for Iowa did not differ from 
two reported U. S. averages of 2.” years and 3,3 years. Over fourefifths of the 


plants stated they had no policy on the length of the pay-off periods 


Plants in Iowa attempted to estimate conditions affecting an engineering 
economy study three to four years into the future. As the size of the plant in- 
creased, estimates of conditions were attempted farther into the future. Formas 
for determining replacement decisions were used by less than one twenty-fifth of the 
plants. 

Securing capital to finance economic replacement was a more important prob- 
lem to one-eighth of the plants than showing the economy of the replacement. As the 
size of the plant increased, the problem of securing capital decreased in importance. 

Based on a hypothetical problem, evidence was found that the larger size 
plants were more conservative about replacement decisions than all other sized plants. 
Also, sunk costs were improperly handled or not considered at all by every respon= 
dent who showed calculations except one. 


Norman N. Barish, Chairman 
Department. of Industrial and 
Management Engineering, 

New York University 


YOUR ATTENTION IS INVITED TO THE FOLLOWING RECENTLY PUBLISHED BOOK 
DYNAMIC FACTORS IN INDUSTRIAL PRODUCTIVITY 
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by 
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TO BE REVIEWED IN A FUTURE ISSUE OF THE ENGINEERING ECONOMIST 


LETTER TO THE EDITOR 


I greatly enjoyed Dick Maffei's article in the spring issue of Engineer~ 
ing Economist but could not let his dismal conclusions go unchallenged. His argu- 
ments seem analogous (In form e not in degree) to those of a physicist who might 
state that if the solar system behaved in a random manne:, our laws of gravity just 
aren't very useful, and we just don't know how to predict the motions of the 
heavenly bodies. 

In the article, Dick starts by quoting Joel Dean as follows: "If, in 
fact, replacements are technologically determined . . « the problem of choosing an 
alternative is almost trivial," and the article concludes with the melancholy thought, 
MWe have seen that capital budgeting may be a trivial problem area . . » What then 
are the areas of possible use of the techniques? . . ». There are no answers to these 
questions. We just don't know." (Underlining mine) 

May I submit that all this might be true if replacement decisions were 
determined on a purely technological basis, but they seldom, if ever, are. They 


should always be based on economics. In many cases, as when one purchases a new car, 
the technological advances of the old equipment may be quite minimal. And even in 
cases where there might be a marked technological advance; for example in the in- 


troduction of L. P. gas into a field previously dominated by gasoline fork trucks - 
it might be quite economical to replace a five-year-old gasoline truck with a new 
Le Peg but quite uneconomical to replace a two-year-old gasoline truck in the same 
way. Why? The technology of the new truck is the same in both cases, but the 
economics in the two cases might be quite different. 

So let us not despair because present knowledge js unable to cope with a 
highly artificial world. Let us rather ask the practical question of which of the 
existing techniques offers the most satisfactory result today and then happily use 
this technique while driving to develop better ones for tomorrow. 


R. 0. Swalm 


= 


DETERMINANTS OF CAPITAL EXPENDITURES 
Review 


by 
Gerald J. Matchett 
Illinois Institute of Technology 


This study of capital expenditures is based on interviews conducted by the 
author with officials of fourteen manufacturing corporations in the Midwest and East. 
The first interviews took place in 1951 and 1952. Ina number of cases officials were 
interviewed a second time in 195) and 1955. 

The fourteen companies which serve as the basis of this study represent six 
industries: farm equipment, steel, beer, containers, shoes, and rubber. The firms 
included were large, with annual sales exceeding one billion dollars in several cases. 
Typically the firms were the largest or among the largest in their industry. 

About two-thirds of the study is devoted to a fairly detailed presentation 
of the questions asked of the officials of each firm and the responses to these ques- 
tions and other statements volunteered by the officials. Thus, the reader can check 
conclusions of the author with the interview data. The remaining third of the study 
presents a description of the methodology employed and an analysis of the findings. 

As the title implies, the author, using interview techniques, was searching 
for determinants of the level of capital expenditures. He investigated such factors 
as the line of authority for proposing, accepting, and rejecting various types of ex= 
penditures; the extent to which well-defined criteria exist for acceptance or reject- 
ions; the influence of the cost of capital; and the extent to which factors other than 
profitability play a role in investment decisions, 

In general, the author found that most of the firms interviewed made some 
effort to ascertain the long-run demand for their products when considering capital 


expenditures. In the rubber and tire industry particularly, demand forecasts were 


found to be very elaborate, with company forecasts being reported and averaged at 
periodic meetings of the Rubber Mamfacturers Association. On the other hand, in 
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some firms there was little attempt to make precise statistical estimates of the 
future market, although everyone agreed that considerations of the future were very 
important. Capital expenditure plans were found generally to extend less far into 
the future than the long=range forecast whether the forecasts were of a general or 
more precise nature. 

The author feels that little can be said by way of generalization regarding 
the procedures by which firms decide upon capital expenditures. As one wuld expect, 
capital investment for expansion tends to originate with top management. Small expen= 
ditures, however, are frequently approved at the operating level with some kind of 
blanket authorization given by top management for expenditures of a given type and 
amount. However, with the final approval or authorization resting with top manage- 
ment, there is a high degree of centralization in capital expenditure decisions. 

As one might expect, the interviews indicated that the need for additional 
capacity to meet increases in demand looms as a major determinant of capital expendi- 
tures. Also the interviews brought out that management frequently tied the need for 
capital expenditure because of growth to a desire to provide a modernization program 
designed to reduce costSe 

Regarding capital expenditures for replacement, the author concludes on 
the basis of his interviews that capital expenditures for replacement may not be re= 
lied upon to provide a high volume of capital investment at times when investment for 
expansion slackens. He also concludes that "it is not clear that high depreciation 
charges can be relied upon to maintain a high level of replacement expenditures", 


These observations may be a result of the particular firms and industries that are 


included in this study. They may also be a result of the fact that the first inter- 
view occurred during the Korean crises, Certainly in view of the recent emphasis 
that has been placed upon faster depreciation and in view of the increased interest 
in replacement techniques and formulas, one would expect these elements to be re- 
flected in the thinking of management in a number of firms. The controller of an 


agricultural equipment firm who is quoted as stating in one of the earlier inter- 
views: "We are replacing when things fall apart," may be typical, but he is not 
expressing a unanimous point of view by any means. In fact, another official of this 
company explained at a later date that this statement reflected a particular circum=- 
stance at a time when capital tools and equipment were difficult to obtain and did not 
reflect a general policy of the company. One cannot escape the feeling that urgencies 
of the moment have a considerable effect on replies and that tomorrow the answer might 
be somewhat different. 

The interviews revealed that construction costs are not a significant factor 
in determining the physical volume of investments. There was a widespread conviction 


among executives that increased investment costs would be accompanied by increased 


selling prices and increased earningse Again, this undoubtedly reflects views that have 


developed during a period of economic expansion and rising prices among executives in 
expanding industriese A common feeling among those interviewed appeared to be that 
the availability of capital was not a crucial determinant of capital expenditures. 
Many of the executives felt that if the expenditure could be justified, there would 

be ways of obtaining the necessary capital, Again, this would appear to be a conclu- 
sion drawn from executives whose firms were in a sound financial position and who were 
not plagued by capital shortages -=- a conclusion one might expect because of the nature 
and size of the firms selected for the study. 

The author cautions the reader that ideas suggested in his analysis are ten- 
tative. He is well aware of the dangers and pitfalls of an interview study of this 
limited nature as well as of the virtues. 

It should be pointed out that attempting to generalize on the basis of what 
executives of fourteen firms believe to be influential in determining the level of their 
capital expenditures may not reflect basid determinants as far as the capital market as 
a whole is concerned, Nevertheless, studies of the sort reviewed here are valuable 
and should be encouraged. The more empirical data that can be gathered regarding the 
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determinants of capital allocation for expansion, replacement, or other purposes will 


give us more insight into the behavior of this important sector of our economy. Al- 


though no single study of this type can throw much light on the economic theory of 


capital expenditures, an accumlation of studies along this line may prove very signi- 
ficant. The author is well aware of these points and is careful to call his study a 


"pilot study". 


Settee 


Determinants of Capital Expenditures 


By: Robert Eisner 


Studies in Business Expectations and Planning, No. 2, Bureau of Economic and 
Business Research. 
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THE ECONOMICS OF INVENTORY MANAGEMENT 
"Some Comments" 


by 
Fred W. Cleveland, Jr. 
Stevens Institute of Technology 


Perhaps it is a logical consequence of their being made up of people that 
business firms go through stages of "self-improvement". The result is many inter 
departmental memoranda, numerous conferenzes, and ultimately, not very much improve=- 


ment. One of the more common of these programs is the reduction of inventory. Unfor= 


tunately, about the best that results is a re~examination of the economic lot size 


quantities. 

In the past few years, a substantial body of theory has been developed 
around inventories, and a considerable part of it has been translated into practical 
terms which should be immediately useful to the engineering economist. The few 
firms which have applied these recent ideas have been able to effect inventory cost 
reductions on the order of from 1/3 to 1/2, in contrast to improvements on the order 
of 5% which have come from some widely advertised technics. A series of three arti- 
cles in the "Harvard Business Review" (1), discuss the problems of inventory policy 
and the approaches offered by the developments of the past few years. The articles 
were written by John F. Magee, who is Research Director of the Operations Research 


Group of Arthur D. Little, Ince 


Basically, there are two reasons for carrying inventory: First, it buys 


times; second, it disconnects the steps of the operation. When the customer comes in 
with his order, the inventory from which he is supplied has purchased the time it 

~—— otherwise would have taken to produce his order. At the same time, the inventory has 
avoided the necessity of rescheduling activity all the way back to the raw materials 
in order to meet the demand in a minimm of tims. To be able to supply the customer 
immediately, with the least internal disruption, is highly desirable. The objective 
of inventory planning is to minimize the cost of attaining these goalse 


The costs which are involved in inventory policy are three: 


le Set-up costs (or ordering costs) 


26 
36 
The seteup costs are probably the most accessible. 


Delay costs 


Cost of changing the production level 


The first problem to be solved, 


In gen 


that of the economical lot size, is most closely associated with this cost. 


eral, the optimum lot size varies directly with the square root of the quantity re- 


quired and the set-up cost, and varies inversely with the square root of the carrying 


It is assumed that the quantity which will be required is known, which is 


charges. 


an assumption it is often necessary to give up. 


A company rarely has firm commitments for all of its output, or knowledge 


of when its customers will arrive. Most companies live with uncertain demand, both 


with respect to quantity and time. The solution to the problem lies in providing a 


buffer stock. How much? Two approaches have been proposed. Both involve managerial 


From sales 


judgment. The solution suggested by Magee proceeds along these lines: 


data, a curve can be plotted of demand vs. percentage of time demand exceeds some 


level, say, D. If this curve is accepted as applicable to the present, then the cost 


of carrying inventory to satisfy the demand any specified percentage of the time can be 


calculated. As an example, Magee considers a hypothetical company in which the carry~ 


ing costs for inventory to meet demand 90% of the time would be $12,800. To meet the 


demand 95% of the time, the carrying charges would rise to $16,600; and to satisfy 99% 


of the demands immediately would cost $24,000. At some point, the managers will de- 


cide that the increment of cost is greater than the benefit derived. 


Whitin (2) offers a solution based on the marginal principle. Briefly, the 


expected profit, is the unit profit, P, plus the avoidance of goodwill loss, G, ml= 


tiplied by the probability, p, of selling the unit: 
p(pt G) 


The expected loss is the probability of not selling the unit, (1~p) multiplied by the 


| 


liquidation loss, L: 


(1-p)L. 


Profit is maximized when these two quantities are equal. A crude estimate of G can 


be obtained by solving for G when the values of p, L, and P are given by existing in- 


ventory policy. 


The assumption mst 


Both of these methods are somewhat less than perfect. 


be made that the demand function is known. For existing products, the function can be 


Estimating 


fairly well estimated; trouble comes when new products are being introduced. 


the value of goodwill from present policy would seem to be a risky thing. A common 


reason for changing inventory policy is that the present policy is inadequate, and 


usually one of the inadequacies is that the value placed on customer goodwill is far 


: too high. ("We will never keep a customer waiting." - "All orders must be filled 


within 2) hours.") Another difficulty arises when a more detailed consideration of 


demand is made. The cost of being out of stock probably is not a simple function. In 


general, the larger the order, the greater the loss involved in being unable to fill it 


immediately. The customer who places a large order is generally the one whose loss is 


more serious. Yet the probability of being unable to meet the demand also has increased. 


If his demand is not satisfied this time, the next order may be split among two sup- 


pliers, and he may adopt a policy of splitting all his large orders. 


Somewhat different from the question of uncertainty of demand is the problem 


of cyclical variations in demand. Included in this category are cases where demand may 


Seasonal industries are faced with this problem. The 


be know, but variable over time. 


whole problem of inventory of style goods is a combination of this problem and uncertain 


; demand. Magee's third article is largely devoted to problems of this sort. Tied in 


with the problem of sales uncertainty, both as to quantity and time, is the problem of 


The only purpose of production is to make goods to sell, and in 


production scheduling. 


the long run the two must match. 


In the short run, production may either exceed or fall behind sales. The 


inventory provides the cushion which permits production to be leveled out. It costs 


money to shift the production level. To raise it means training personnel, acquir= 


ing additional equipment. Reducing it means having idle capacity, idle workers, or 


lay-offs. At the beginning of a period, the level of production is planned in some 


way which takes into account the expected sales. The objective is usually to minimize 


production costs. As time passes, the sales will inevitably vary from the expectation. 


Should the production plan be modified, and how mch? If the sales fluctuation is con- 


sidered to be one of time, rather than quantity, the production plan should be left a- 


lone (if the inventory is sufficient to absorb the shock). If sales for a given month 


are, say, 50% above the forecast, what should production ve changed to? Should it be 


The jump in sales may be only for that 


increased 50%? Common sense seems to say NO. 


month, and even if sales are going to be up for the rest of the year, it is unlikely 


Production should be increased some portion of 50% this 


that they will be up 50%. 
If sales stay up next 


month, and the rest of the increase is taken out of inventory. 


month, then production may be increased by a larger proportion of the gain, with the 


ratio eventually becoming 1, This problem of the interconnection between production, 


inventory, and sales is obviously difficult. The solutions generally make use of a 


"fitter" to adjust production schedules, and also require taking into consideration the 


cost of being out of stock. Simply stated, the question is how to minimize the cost of 


changing production, the cost of being out of stock, and the cost of carrying inventory. 


The points which have been meritioned above are treated at length in the three 


articles by Magee. Illustrative cases are given to show how new approaches to inven=- 


of money for investment elsewhere in 


tory planning and management can free large sums 
Unfortunately, the 


the business without impairing its effectiveness in meeting demand. 


articles are not sufficiently specific to be of direct value by themselves, and there 


are not many references to recent useful papers in the field, 


Some of the more useful 


papers’ are listed below. 
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